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Blue laser club 
new members 
Roy Szweda, Associate Editor 
1998 continues to provide impressive developments in short wavelength optoelectronics. The year began 
with a controversial new member of the exclusive ‘Blue Laser Club’ and, with Spring in the air, another US 
company has joined too. The Club now has around a dozen members with operational blue-green laser 
diodes from researchers in academe and industry. As the conference season unfolds, we look forward to the 
Ill-nitride meetings, beginning with the MRS Spring meeting. Roy Szweda reports on more news from this 
I exciting field. 
heady in 19% we have 
A seen a continuation of the quence of announce- 
ments whereby blue laser R&D 
just keeps on gaining momentum. 
Nor is the pioneer, Dr Nakamura, 
resting on his laurels; we look at 
his latest work, which he will be 
presenting at the first meetings of 
the season. Most importantly for 
North America, Cree Research is 
no longer the only US company 
member of the ‘Blue Laser Club’. 
In mid-February, laser diode (LD) 
manufacturer SDL of San Jose, 
California, announced its sucess 
with a III-nitride device. 
Capitalizing on this success, the 
US Office of Naval Research 
(ONR) is launching a new nitrides 
research progmmme. 
III-Vs are not often the subject 
of controversy. and a little of it 
from time to time tends to enliven 
the steady march of progress. 
Never backward in coming for- 
wani, Professor Manijeh Razeghi’s 
team at Northwestern University 
(NWU) is in the spotlight with 
publication of a new approach to 
the blue LD. The paper was pub 
lished in the journal of Nit& 
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Figure 1. Characteristics of SDCs pulsed GaN-based separate confinement h@mstructure 
laser. The inset shows the schematic structure of the device. 
20 
Ill-Vs Review ??Vol.1 1 No. 2 1998 
li!%arh @tp://nsr.mij.nlts.ol&3/1/). 
NWU agreed that AIXTRON AG 
should announce that it was using 
an AIXTRON ZOO.This popular, ver- 
satile MOCVD system is in use at 
many (more than 15) institutes and 
companies around the world: for 
example, Thompson-CSF is using 
one for its wide bandgap research. 
The NWU result is a useful indi- 
cator that commercial reactors are 
being used to achieve solid results 
in the pursuit of the commercial 
blue laser. previously, all the found- 
ing work at Nichia’s laboratories 
was performed using a specially 
built MOCVD system designed by 
Dr Nakamura himself. It is very im- 
portant not only for worldwide re- 
search but also the development of 
the LD component industry that 
the means is found to something 
akin to a ‘universal’ method of mass 
production of these diodes.This is- 
sue is rendered complex by the 
prevailing patent situation, which 
individuals and companies take 
out in order to protect their intel- 
lectual (and commercial) rights. 
For a device as alluring as the blue 
laser, however, everyone is work- 
ing hard to develop their own 
route to achieving the goal, all the 
time being very mindful of the 
patent situation. 
Nevertheless, it is conttoversy of a 
different kind that ptesently sur- 
munds the NWU wotklheir peers 
have been curious as to the exact 
lasing chatacteristics: whether the 
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device actually exceeded the 
threshold and if there was stimulat- 
ed emission. Some consider it to be 
anLEDandnotanLD. 
Seeing the light 
On the surface it looks as if the 
USA has retaken a lead in the III-ni- 
trides. But there is much activity in 
the laboratories that will not see 
the light of day in the literature. 
You can be sure that, despite the 
prevailing financial crisis, workers 
in Europe and Southeast Asia are 
no less diligently pursuing the 
same objective. 
When you look more closely, it 
is often more of an international ef- 
fort than first appears.Take, for ex- 
ample, possibly the most important 
single piece of equipment used to 
make these devices, the epitaxy te- 
actor. As we have seen, the NWU 
work relies on a reactor built in 
Germany In fact behind the scenes 
the principal western suppliers 
have helped smooth the path to 
success. These companies are not 
necessarily being coy; rather it is 
the ‘commercial in confidence’ 
part of the contract that often for- 
bids them from announcing who 
uses their machines to do what. 
For example, at the time we were 
not allowed to reveal that the 
University of California at Santa 
Barbam (UCSB) grew its InGaN 
multiple quantum well (MQW) 
blue lasers using a Thomas Swan 
teactor (see III--vS Review, Vol. 10, 
No. 7, 1997, p. 23j. John Cmwley, 
Managing Director of Thomas 
Swan, is particularly proud of his 
company’s success in this regard. 
“We have sold more than 25 ma- 
chines in the past year and no less 
than 16 of them have been for ni- 
tride work. Customers I can men- 
tion are LG Semicon and Dan 
Dapkus at the University of 
Southern California.There are also 
our friends at IMEC of course, and 
Steve Denbaars’ group at UCSB 
who just last year was the first US 
university to make a working blue 
laser diode. I’m proud to say that 
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Figure 2. Nichia’s violet InGaN-based laser diode with an emission wavelength of 400 nm 
and an estimated /iMime of 10 000 hours is operated in continuous wave mode at room 
temperature. 
they have one of our showerhead 
models.” Characteristically modest, 
Crawley says that the skill in this 
achievement lies with the crystal 
grower. 
Blue laser at SDL 
Meanwhile, the SDL, Inc announce- 
ment of high-power GaN blue-W 
diode lasers is more of a US-only af- 
fair These devices lase at multiple 
wavelengths between 400410 nm 
at pulsed powers in excess of 
150 mW per facet (Figure 1). SDL 
has been quietly working on blue 
emitters as part of a project partly 
funded by the US Defense 
Advanced Research Projects 
Agency (DARPA) through the 
Blue Band II Consortium. The 
programme teams SDL with 
Hewlett Packard (HP), Xerox and 
five universities. This project has 
the modest remit of commercial- 
ization of single spatial mode blue 
LDs by yearend 1999. SDL’s an- 
nouncement would seem to indi- 
cate that progress is well on its 
way to achieving that goal. 
“We are very excited about this 
demonstration since we believe 
tbis material system has the poten- 
tial to produce high-power lasers 
with high reliability over a range of 
violet to green wavelengths”, says 
Donald R. Scifres, president and 
CEO. u We believe the pulsed power 
levels recorded by SDL are higher 
than any reported previously for 
GaN-based semiconductor lasers.” 
SDL’s announcement did not 
mention the type of reactor tech- 
nology in use but it is understood 
that it was designed and built in- 
house. Richard Miles, R&D Section 
Head, says,“We are pleased to have 
respectable current densities over 
the range 8.5 to 14 kA.cm-*, the 
best of which may be second only 
to those of Nichia. We consider 
these to be preliminary results 
from basic, gain-guided devices 
and expect to improve upon them 
significantly. We have obtained 
many devices from several wafers 
and processing runs so are fairly 
confident of our results. Peak pow- 
ers are in the region of 150+ mW, 
even though our facets are uncoat- 
ed.These are the highest we’ve seen 
reported so far.There is no question 
that we have a lot of work to do to 
achieve robust continuous wave 
(0 devices, but this is likely to be 
only a matter of time given the re- 
sources available at SDL and in the 
Blue Band II progmmme.” 
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The USA has but one local sup 
plier of epitaxial systems for wide 
bandgap semiconductors and that 
is EMCORE, which currently has 
sold mote than 20 GaN multiwafer 
systems, of which around I a half- 
dozen companies worldwide are us 
ing Discovery 180 GaN systems 
for production. This multiwafer 
(6 x 2”) system has enabled users to 
manufacture commercial grade (i.e. 
>500 #V) GaN-based blue LEDs as 
well as green LEDs and phosphor- 
coated W-based white LEDs. 
Unfortunately for EMCORE, few of 
these companies chose to make 
public announcements of their ca- 
pability This maffnms the plight of 
the equipment supplier who would 
like to show other potential users 
the creditable performance of the 
system and, most importantly, its 
production capabilities. 
Moreover, as EMCORE’s 
Director of Sales and Marketing 
Rob Walker says, the company has 
at least one customer who has 
made a blue GaN-laser diode on a 
Discovery 180 GaN system. The 
distinction here is that this 
achievement is based on a multi- 
wafer production system where 
most other results have come from 
single-wafer research systems. 
Nichia setting-the 
pace 
In Japan, research groups have 
achieved blue LD results on equip- 
ment made by the Tokyo-based 
Nippon Sanso, with more than 25 
research systems for GaN virtually 
all in Japan, at various academic 
and industrial research institutes, 
plus a few multiwafer systems.The 
results match the Japanese labora- 
tories’ success in other key areas of 
opt0 device development. 
However, the laboratory that con- 
tinues to set the pace is that of Dr 
Shuji Nakamura, a man who will 
once again be much in demand for 
the conference season. 
He has already given a talk at 
the SPIE’98 meeting in San 
Francisco, where he described 
laser structures fabricated using 
ELOG GaN, i.e. ‘epitaxially laterally 
overgrown GaN-on-sapphire’ 
rather than sapphire he had used 
before (the previously announced 
10 000 h lifetime LD was achieved 
without removing the sapphire). 
By this means substrates are ob- 
tained that are easily cleaved and 
have a high thermal conductivity. 
Sapphire substrates have the twin 
disadvantages that with them it is 
difficult to obtain the cleaved mir- 
ror facets used for the cavities of 
conventional lasers and that the 
thermal conductivity of the sap- 
phire is insufficiently large to dissi- 
pate the heat generated. 
After a 100 urn thick epilayer of 
GaN had been grown on top of the 
ELOG, the sapphire substrate is re- 
moved by polishing. In this way a 
pure GaN substrate 80 urn thick is 
obtained.This is a more convenient 
method than starting out with a 
GaN single crystal substrate. Such 
materials are presently not avail- 
able to the requisite dimensions 
and standards. Because it takes a 
long time to grow a GaN epilayer 
this thick using MOCVD, Dr 
Nakamura says that he will use an 
alternative method to grow the 
thick GaN. 
The InGaN MQW/GaN/AlGaN 
sepamte confinement heterostruc- 
ture (SCH) laser structure was es- 
sentially identical to that used to 
demonstrate the 10 000 h lifetime 
devices last year. Subsequently, 
high-reflection facet coatings 
(50%) consisting of two pairs of 
quarter-wave TiO,-SiO, dielectric 
multilayers were used to reduce 
threshold current (Figure 2). 
As expected, these LDs showed 
a smaller thermal resistance (30°C 
per watt) and had a lifetime of bet- 
ter than 780 h at an output power 
of 3 mW under room-temperature 
continuous-wave (RTCW) opera- 
tion. This was despite a large 
threshold current density of 7 
kA.cmm2. This is in contrast to the 
diodes with the same threshold 
current density grown on a purely 
sapphire substrate.These showed a 
thermal resistance twice as high 
(60°C.W-1) and a short lifetime of 
200 h under RT-CW operation.The 
LD with a threshold current densi- 
ty of 5 kA.cmM2 grown on the GaN 
substrate demonstrated an estimat- 
ed lifetime of more than 10 000 
hours. At an output power of 
7 mW, a singlemode emission was ob 
served at a wavelength of 393.3 nm. 
When the facets were cleaved 
along <l-100> of the lasers grown 
on the GaN substrate, the cleaved 
mirror facets were readily formed. 
Nakamura reported single mode 
emission (without interference ef- 
fects) of the same type as in previ- 
ous devices.This emission is due to 
a reflection of the laser beam by 
the residue of the sapphire sub 
strate.The beam full-width at half 
power level for the parallel and 
perpendicular planes were eight 
and 3 1, respectively. The aspect ra- 
tio was approximately four. The 
lifetime of the LD looks good using 
this GaN ‘substrate’; Dr Nakamura 
estimates that the lifetime would 
be 10 000 hours and will shortly 
be reporting this in the Japanese 
Journal of Applied Physics. 
Dr Nakamura is continuing to 
refine the preparative process for 
blue LDs and will be reporting fur- 
ther results over the course of the 
next few months. He has accepted 
the invitation from the German 
Physical Society (DPG) to be a 
Plenary Speaker on ‘Blue laser 
diodes’ for the forthcoming spring 
meeting of the Solid State Physics 
Division of the DPG held in 
Regensburg, Germany on 23 March. 
Nitride electronics 
too 
Before we leave the ongoing story 
of nitride device development, we 
should not forget that, besides 
optoelectronics devices, wide 
bandgap materials are making 
great strides in electronic devices. 
For example, one of the leaders in 
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commercial electronic devices, 
APA Optics Inc of Blaine, 
Minnesota, USA, is introducing a 
new, high-response GaN UV detec- 
tor.The W-2500 detectors have re- 
sponsivity up to five times greater 
than equivalent phototubes: “A pri- 
mary advantage is the detector’s 
solar blind characteristic”, says Anil 
K. Jain, APA’s president and CEO. 
“They are more effective operating 
in visible light than their silicon 
counterpartsAnd the Schottky bar- 
rier detectors can operate in high 
temperature environments up to 
300X, as opposed to the ceiling 
maximum of 150°C for silicon 
detectors.” Applications for GaN 
detectors include flame sensing, 
ozone monitors, laser detectors and 
other applications that require solar 
blind characteristics (see breakout 
box). Akin to the opt0 devices, the 
Schottky detectors tefy on epilayers. 
Additional epilayers are being pro 
duced for the company’s product de- 
velopment work on heterostructme 
field effect tnmsistors @WET’s). The 
key advantages of GaN-based 
HFETs are their capabilities in 
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high-temperature and high-power 
operations. They can be used as 
high-temperature preamplifiers to 
increase the gain of GaN-based UV 
detectors, so that the hybrid detec- 
tor/HFET combination may be 
used as a very effective flame sen- 
sor, operable at high temperatures, 
up to 225300°C. HFETs using oth- 
er materials will be limited to 
150°C operation. 
Readers will be able to get up 
to speed quickly on developments 
in the wide bandgap electronics 
field by attending the workshop at 
the MRS Spring Meeting in San 
Francisco, 13-15 April. Symposium 
F will deal with ‘Wide-Bandgap 
Semiconductors for High Power, 
High Frequency and High 
Temperature’. The mini-conference 
will be chaired by Steven DenBaars 
(UCSB), John Palmour (Cree 
Research, Inc), Michael Shur 
(Rensselaer Polytechnic Institute), 
and Michael Spencer (Howard 
University). In the first session, on 
‘GaN Materials and Devices’, the 
meeting will begin with invited pa- 
pers: ‘GaN Materials for High 
Power Microwave Amplifiers’ by 
Lester Eastman of Cornell 
University, Ithaca, New York; fol- 
lowed by ‘GaN/AlGaN Materials 
for Microwave HEMTs’ by Umesh 
Mishra of the Department 
of Electrical & Computer 
Engineering (ECE), UCSB; and 
‘Recent Progress in Doped 
Channel GaN-AlGaN HFETs for 
High Power Applications’ by M. 
Asif Khan, Department of ECE, 
University of South Carolina, 
Columbia.There follow more than 
130 other presentations of origi- 
nal work from around the world 
involving the theory, materials, 
crystal growth, process technolo- 
gy and device performance in the 
wide bandgap semiconductor 
field. In contrast to many other 
meetings in the wide bandgap 
semiconductors field, this meeting 
is very focused on all aspects of 
the development of electronic 
rather than optoelectronic de- 
vices such as lasers and LEDs. In 
particular, there will be no fewer 
than five presentations from APA 
Optics. 
Pushing the nitride 
boat out 
Finally, as a curtain-raiser to our 
high-temperature electronics cov- 
erage next issue, we report on 
two new wide bandgap materials 
initiatives aimed at electronic 
devices: the US ONR Program and 
the UK ESPRC initiative. 
First, ONR Program Manager, 
Dr Colin Wood, told III-k? Review 
that “Yes, ONR is pushing the US 
boat out in nitride semiconduc- 
tors, as well as a large effort on 
Sic power devices. We have con- 
cluded that Sic will handle power 
devices for grids and distribution, 
rectification and inversion up to 
3 GHz, then it is the turn of GaN. 
The extra high mobility and abili- 
ty to make heterostructure de- 
vices make GaAlN structures very 
suitable for high frequencies up 
to 10 GHz.” 
ONR has a core programme on 
nitride materials and devices to- 
tailing more than US$~ million. 
It acts as “Agents and eyes and 
ears for BMDO (Ballistic Missile 
Defense Organization) and DARPA”, 
says Dr Wood. “The total pro- 
gramme of the three agencies is 
then about $14 million. In addi- 
tion, I have initiated several 
SBLR (Small Business Innovation 
Research) programmes in nitride 
bulk crystals and represent BM- 
DO on their large 6.2 level fund- 
ing on devices and materials for 
power and power microwave 
developments.” 
The DDR&E (Director, Defense 
Research and Engineering), which 
is a DOD-wide body, runs all the 
‘set-aside’ programmes such as 
DURIP (equipment for Univers- 
ities), AASERT (augmentation 
awards for University Re- 
searchers) and MURI (multidisci- 
plinary five-year programmes), 
which involve around $5 million 
each. Wood has an ongoing MURI, 
and two more about to begin. In 
addition, a Dual-Use Application 
Program (DUAP) has just been 
called regarding his programme 
to exploit piezoelectric effects in 
devices under the title 
‘Piezoelectronics’. Finally, the 
ONR has an internally funded ac- 
celerated capability initiative on 
lateral epi-overgrowth for GaN to 
address the defect problem. Wood 
adds, “In total, over $25 million is 
being invested in the wide gap 
semiconductors via the ONR of- 
fice and that’s a substantial part 
of the annual $35 million or so in 
the whole of the USA. The main 
applications we are seeing at pre- 
sent, apart from the commercially 
driven blue lasers and LEDs, are 
the microwave power amplifiers 
for wide band multipurpose 
systems, that is, communications, 
radar, electronic warfare and IFF 
systems, etc. FED displays and mi- 
crowave tube cathodes, and UV 
solar-blind detectors are other 
important avenues we are explor- 
ing in the nitrides.” 
Finally, in a week when it was 
announced that GEC-Plessey 
Semiconductors (GPSL) was to be 
sold to Mitel, news also came in 
of its participation in a new UK 
consortium of parties interested 
in silicon carbide for future gen- 
eration electronic devices. 
The UK’s Engineering and 
Physical Sciences Research 
Council (ESPRC) will provide 
UK&600 000 of funds to help the 
UK play catch up with the rest of 
Europe in SIC materials and de- 
vices. Companies involved in- 
clude GPSL, GEC Alsthom 
Engineering Centre, AEA 
Technology, DERA Malvern, 
Semelab and GEC Marconi 
Materials Technology (GMMT). 
These will be working with the 
Electrical and Electronic 
Engineering Department of the 
University of Newcastle, which 
will be the recipient of the grant. 
Meanwhile, the consortium of 
companies will provide a match- 
ing &700 000 to the project. 
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